66 variables affect individual parameter values in predictable ways, the parameters would provide 67 useful insight into the possible biological mechanisms involved. In addition to a good statistical 68 fit, the most important aspect of the distribution must surely be its ability to account for these 69 effects, especially if aimed, beyond description and quantification, at a mechanistic 70 understanding of the process under study.
71 With these ideas in mind, the aims of this investigation were: (i) to develop a model of the time 72 course of biological phenomena from first principles, (ii) to obtain its essential statistical 73 properties, and (iii) to illustrate the insight that it provides on essential components of a 74 biological time course. Given the completeness of records for the London Marathon, I chose to 75 illustrate the usefulness of the model employing data from several instances of this athletics race.
76 It would seem, however, that the model is potentially applicable to a vast number of temporal 77 distributions (phenologies), perhaps including molecular and cellular processes too.
78
The model 79 The simplest time distribution is one that occurs at a constant rate. If hatching, invasion or 80 completion of a race occurred at a constant rate, the completion of events would naturally follow 81 the exponential distribution, or , where y/y max is the
82 fraction of the final number of completed events (y max ) after x units of time, and r is their rate of 83 occurrence. Alternatively, the time course of completions from y=0 to y=y max would be described 84 by:
86 If a biological time course does not follow this exponential distribution, the simplest conclusion 87 is that r is not constant. The question then becomes whether r changes in a systematic, 88 predictable fashion. The completion of events can be thought of as a probabilistic manifestation 89 of a phenomenon determined by a variety of attributes of the organism and the conditions under 90 which it finds itself. This probabilistic feature is appropriately described by the logit, the 91 logarithm of the odds, i.e., the ratio of "non-event" to "event" in a binomial process. The inverse 92 logit converts the logarithm of the odds into a probability (the probability of hatching, invading 93 or completing the race) making the inverse logit (the logistic function) a natural choice to 94 describe an expected monotonic change in the probability of the event occurring with time under 95 a given set of conditions. The general form of the logistic function (including a "position" or 96 time-delay parameter t, which would seem necessary for any biological process) is: ,
97 where c and t are constants.
98 Applying this function to the rate of completion of events, r, results in 99
100 where r max is the maximum biologically achievable proportional rate of completion under 101 particular conditions. Substitution of equation 2 into equation 1 yields 297 The consistent right skew and leptokurtic nature of the distributions is likely a consequence of 298 the dwindling number of participants with age and the lower proportion of women. No matter 299 how we define the subsamples, there is a tail of fewer older individuals, and of women who also 300 participate in lower numbers ( Fig. 2 ; witness also the higher values of standard deviation, 301 skewness, kurtosis and entropy for women compared to men, and their increase and converge 302 with age, some with a drop in the last age class, in SM3 Table S1 ). There must also be other 303 uncontrolled differences. As an example, the frequency of self-imposed handicaps, such as the 304 varied costumes that some runners sport, likely varies with gender and age. This effect is 305 difficult to isolate because the records do not contain such information -except the fact that a 306 runner may be linked to a charity. The heterogeneity found in older categories with fewer 307 competitors also makes it difficult to estimate the parameters accurately, so sex differences in 308 aging may remain difficult to ascertain without more detailed in-situ morphological and 309 physiological measures of runners, e.g. before, during and/or after the race. 324 the intrinsic ability of the competitors (r) was not significantly affected (Fig. 4a) . However, 325 temperatures were sufficient to produce evidence of exhaustion (longer time to completion/larger 326 t) and thus spreading of the race (lower c) as T max increased (Fig. 4b-c) , but maximum race 327 completion was predicted to occur at 17.1 C (Fig. 4d) . Around this temperature, runners are not 328 discomforted by lower than preferred temperatures and are less prone to become overheated.
329 If the composition of the race changes every year, as it must surely do, parameter values may 330 change even in the absence of environmental differences between events. On the other hand, 331 temperature affects runners in relation to their running ability (Ely et al. 2008 ). Both effects 332 would be expected to combine and produce the variability around the lines of best fit in figure 4.
333 The large sample size, however, would be expected to override these compositional differences. 
